The oxygen radical scavenger activity (ORSA) of [Cu"(Pir)2] (HPir Piroxicam 4-hydroxy -2-methyl-N-2-pyridyl-2H-1,2-benzothiazine -3-carboxamide 1,1-dioxide) was 
Introduction
Copper plays important roles in the humans (it is the third most abundant d-block element, after iron and zinc) as well as in all the other living organisms. This metal is present in several types of enzymes which are involved in oxydo-reduction processes, oxygen transport, copper storage, etc. 1
Free radicals as 02", OH', R02" (R H or an organic group), are released in important physiological and pathological phenomena such as cell respiration, pemxidation of membrane lipids, exposure to radiation. 2 Probably the most efficient superoxide scavenger of the enzyme superoxide dismutase (SOD) family is (Cu,Zn)-SOD which has been found in animals, plants and primitive organisms. 3,4
The X-ray structure of bovine erythrocyte (Cu,Zn)-SOD and computer modeling have led to a proposed catalytic mechanism of the 02" dismutation in which the substmte links covalently to the Cu" centers (it is oxidized to 02, first step). 3
Piroxicam (feldene, Pfizer; Scheme 1, HPir) is a powerful anti-inflammatory agent. It has been shown that copper complexes of anti-inflammatory anti-arthritic drugs are more active than their parent compounds. 5 Furthermore, toxicological studies revealed that anti-inflammatory copper complexes are less toxic than inorganic forms of copper. 5 These facts have led to the hypothesis that copper complexes of non-steroidal anti-inflammatory drugs are the active species in vivo. 5, 6 On the basis of such arguments, we reasoned that recently prepared and structurally characterized M(ll)-piroxicam (M Fe, Co, Ni, Cu, Zn and Cd) chelates 7 could have (Cu,Zn)-SOD like activity.
Measurements of the reactivity of [Cu"(Pir)2(DMF)2] with 02" and other oxygen radicals, such as HO', HO0", as well as with singlet-02, revealed that, on a molar basis, the Cu" derivative is a far better scavenger than piroxicam.
Electron paramagnetic (EPR, X-band) and nuclear magnetic (1H, 13C NMR) resonance spectroscopies, as well as molecular mechanics (MM) and extended-HiJckel molecular orbital (EHMO) methods, were used to understand the structure of the coordination sphere in solution and the mechanism of (Cu,Zn)-SOD like activity of the Cu"-piroxicam complexes.
R. Cini Oxygen radical scavenger activity (ORSA) .
Owing to the insolubility of [Cu"(Pir) 8.4 and 11.9 (stimulated), and 5.0 " It has to be noted that DMSO/GLY mixtures were used as solvents to test the anti-inflammatory activity the Cu"-salicylate species dermally applied to rats. 8 As the Pir/Cu molar ratio of the solution is ca. 10:1, it can be reasonably assumed that all the metal is II o linked to the Pir" anion in the form of Cu(Pir)2, on the basis of the value of 2 (10.23 Table I ). On the basis of the EPR data (see below) it is argued that the brown crystalline powder Cu=(Pir)2.0.5DMF consists mostly of distorted tetrahedml Cu(Pir)2 NMR spectroscopy.
The experimental carbon spin-lattice relaxation rates for a 0.15M piroxicam solution in DMSO and the dipolar contribution to the relaxation (see Experimental) are reported in Table I1 .
"
The reduction of the CuLcomplex to Cu species (see reaction of anhydrous CuCI 2 with acetone to produce CuCI)15 is excluded by: (1) the existence of an unpaired electron located on the metal, as detected by EPR spectroscopy (see below); (2) the fast reversibility to the green species when treated with DMF or DMSO. proton-carbon interaction modulated by a x c 1.9 x 10"1. 7 Dipolar proton-carbon interaction modulated by a x c 9 x 10"11. 8 Contribution due to the zwitterionic form (33% abundance).
A good agreement between experimental and theoretical values was usually found (some discrepancy was observed for the C(3) carbon). It has to be pointed out that the contribution of the zwitterionic HPir +" form (33%)14 was also considered in the calculation of R1T for C(2'). A similar approach brought also to a good agreement between observed R1DD and computed R1T values for Pir'. Furthermore, the calculated atomic charges of both HPir and Pir" (Extended-Huckel method (see below) applied to the most stable structures) describes with accuracy the chemical shift properties observed for the two species (see supplementary material available from the authors).
These results confirm that the previously proposed equilibrium between neutral HPir and zwitterionic HPir +" 14 and the present MM analysis are basically correct.
EPR spectroscopy
The EPR spectrum of [Cu'(Pir)2(DMF)2]/HPir in DMSO/GLY (110 K, Figure 3a , Table IV) shows the typical pattern of pseudo-octahedral (tetragonal elongation) copper(ll) complexes in which three of the expected four hyperfine transitions in the parallel region (low-field range) are visible whereas the fourth component (MI +3/2) is masked by the overlap with A_L features in the high-field end of the spectrum. Table IV . Table V ) has some Cu(dxy) character (main contributions from ligand atom orbitals: O15, O17, C3, and N2). The O2" ion and the complex molecule could thus interact via a p=-d= overlap. A distorted tetrahedral geometry could be a convenient compromise for a suitable Cu-O2" bond and weak O2"'"Pir" repulsions. Some distortion from pure tetrahedral geometry for a d 9 configuration is also demanded by the It has to be pointed out that the coordination geometry of Cu" in (Cu,Zn)-SOD, as obtained from X-Ray diffraction, is pseudo-tetrahedral, 3 and computer simulated docking investigations showed that the O2" ion and the CN" enzyme inhibitor fitted one and both the available sites around the metal center, respectively. 3 We infer that the anti-inflammatory activity of piroxicam passes through the 02" (and other oxygen radicals) scavenger activity of its Cull-complexes.
Owing to the local high concentration of pimxicam in the cell (during the drug supply) and to the low amount of free Cu 2+ ion, the presence of [Cu"(Pir)2] (pseudo-tetrahedral coordination geometry) as the active species is highly probable. In order to simplify the MO analysis of the complex molecules the C (5), (3(6), C (7), and C (8) 
